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Thesis abstract 
Fundamental to understanding species ecology, is the evaluation of predator-prey 
interaction strengths and their spatial heterogeneity. Traditional dietary assessment methods of 
examining individual’s stomach contents provide valuable data quantifying relationships, 
however what is incorporated into organisms is not always proportional to what is consumed.  
Biochemical compounds have recently been explored in marine and terrestrial systems to obtain 
relatively less variable data than stomach contents and provide multiple meal integrated data 
associated with growth, development, and condition of predators.  Stable isotope ratios have 
been used to infer community structure for decades, while fatty acid signatures have only 
recently been used in terrestrial and marine systems to explore dietary trends.  Using a data set 
collected from Lake Michigan throughout the 2010 intensive sampling year, I: 1) examined 
foraging patterns of juvenile yellow perch (Perca flavescens) using stomach content, fatty acid 
signature, and stable isotope analyses; 2) employed stomach content, fatty acid signature, and 
stable isotope analyses to examine how dietary overlap questions can be addressed through 
multiple dietary indicators.  With this data set I was able to depict a spatial divide in juvenile 
yellow perch diets based on shoreline and habitat, demonstrating the utility of combining 
stomach content and fatty acid signature analysis. Throughout the methodological studies, 
stomach content data was found to provide highly variable data, but was invaluable in 
identifying prey taxa.  Fatty acid signature analysis proved highly useful in its ability to describe 
intraspecific dietary trends, however without further experimentation, dietary overlap indices are 
impractical.  Stable isotope ratios extended turnover rates encompassed migrations and 
ontogenetic shifts which need to be taken into consideration when future dietary studies are 
being designed.  Overall, it is highly advisable to use biochemical techniques in tandem with 
stomach content analysis in order to strengthen our abilities to describe and quantify diets of 
species. 
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Abstract 
Describing food web structures is often a fundamental step in developing resource 
management goals.  Examination of stomach contents has traditionally supplied predator-prey 
interface data towards such ends.  Recently, stable isotope ratios and fatty acid concentrations 
have been used as a means to enhance traditional methods with data integrated over longer 
periods of time.  However, anthropogenic influences (e.g. introductions, over fishing, nutrient 
fluxes) dynamically alter species interactions, rapidly outdating our knowledge of energy flows.  
Alterations to great lakes ecosystems have been highly publicized within recent history offering 
a model system to explore biomarker efficacy.  Using an opportunistic forager, juvenile yellow 
perch, we examined the value of multi-indicator dietary assessment methods.  Yellow perch 
were collected at nine coastal locations representative of Lake Michigan’s heterogeneity.  
Spatial heterogeneity in diet composition increased as the timeframe represented by each diet 
method decreased.  A combined stomach content and fatty acid signature technique offered 
strong interpretations of dietary heterogeneity compared to those made using techniques 
independently.  In general yellow perch relied on pelagic items more along the eastern 
shoreline, and over rocky substrates within shoreline groupings.  We further advocate the use of 
ecological tracers correlated with stomach contents to investigate diet patterns of predators. 
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Introduction 
Anthropogenic food web modification has become the norm within contemporary 
ecosystems.  A means to track community restructurings develops as records rapidly outdate. 
Traditionally, exploration of stomach contents has provided ecologists with diet 
characterizations, resource overlap quantification, and effects of management actions.  
However, variability in stomach content data due to ontogeny, digestion rates, and prey 
selection differences among individuals has called attention to time integrated dietary 
assessment methods. Modern diet studies have employed indirect methodologies, utilizing 
biomarkers that accumulate in a predictive way, paired with stomach content data to provide 
both long- and short-term foraging information (Beaudoin et al. 1999, Hooker et al. 2001, Vinson 
and Budy 2011).   
The use of stable isotope ratios’ in trophic ecology dates into the 1970’s (DeNiro and 
Epstein 1978, 1981).  Typically, stable isotope data provide a two-dimensional dietary space for 
consumers relative to other organisms.  Stable carbon (δ13 C) ratios remain relatively constant 
through trophic transfers, allowing for primary production sources to be inferred (France 1995).  
For example: within freshwater systems benthos tend to have more enriched (less negative) 
carbon values (> -20‰) versus pelagic productivity (Fry 1991).  Stable nitrogen (δ15 N) values 
enrich by 3-4‰ per trophic step, thus trophic level of species can be inferred (Hobson et al. 
1994, Post 2002).  While specific prey species cannot be quantified in complex systems, 
isotopes do provide standardized methods of depicting inter- and intra-specific relations within 
communities. 
Analyzing patterns in consumer’s fatty acid compositions has recently provided 
qualitative feeding estimates (Iverson et al. 1997, 2002, Kirsch et al. 1998, Hooker et al. 2001, 
Wang et al. 2009).  De-novo synthesis of fatty acids in higher order consumers is limited, 
allowing certain acids to be used as trophic markers (Henderson and Tocher 1987, Budge et al. 
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2006).  As such, long chain fatty acids are stored in predator tissues in patterns reflective of 
prey consumed over 4-12 weeks (Kirsch et al. 1998, Budge et al. 2006, Budge et al. 2011).  For 
example, palmitoleic acid (16:1n-7) and eicosapentaenoic acid (EPA 20:5n-3) are associated 
with diatoms, detritus, and bacteria (i.e. benthos), while elevated levels of docosahexaenoic 
acid (DHA 22:6n-3) are found in non-diatom phytoplankton and their zooplankton predators (i.e. 
pelagia) (Graeve et al. 1994, Napolitano 1994, 1999, Czesny et al. 2011, Kelly and Scheibling 
2012).  A caveat however, is that fatty acid signatures cannot be used to identify and enumerate 
specific prey species without controlled experimentation (Iverson et al. 2004, 2009).  Thus, 
concomitantly using multiple techniques to describe trophic linkages may offer stronger insights 
than those gained from each method alone.  
Lake Michigan’s fish community has a history of anthropogenic mediated alterations 
(e.g., commercial fishing, phosphorus loadings, fish stocking, and non-native species 
introductions).  In particular, non-native species introductions altered fish assemblage 
composition, but also dramatically modified energy flow through pelagic and benthic pathways.  
Non-native alewife (Alosa pseudoharengus) and predatory zooplankton (Cercopagididae; 
Bythotrephes cederstroemi and Cercopagis pengoi) consume large amounts of zooplanktonic 
prey in both nearshore and offshore pelagic zones (Dumitru et al. 2001, Creque and Czesny 
2012).  Filter feeding Dreissenidae mussels (Dreissena polymorpha and D. rostriformis 
bugensis) established dense populations, and due to their effective removal of phytoplankton, 
water clarity has increased (Marsden and Robillard 2004).  In response to improved light 
penetration, benthic algal biomass (e.g., Cladophora spp.) has increased (Bootsma et al. 2004), 
shunting productivity from pelagic areas to coastal waters.  Furthermore, round goby 
(Neogobius melanostomus) have established dense populations within coastal waters, feeding 
on a variety of benthic prey (Jude et al. 1995, Charlebois et al. 1997).  Collectively, reduced 
phosphorous loading coupled with effects of non-native species have seemingly led to 
decreased pelagic production (Fahnenstiel et al. 2010) and a shift to nearshore, benthic 
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pathways (Reviewed by Madenjian et al. 2002).  Despite increased nearshore food web 
reliance, trophic roles of Lake Michigan’s nearshore fish species are largely understudied and 
trophic interactions and potential responses to perturbations are based on speculation and 
historic accounts. 
Lake Michigan’s yellow perch (Perca flavescens) provides an excellent opportunity to 
employ stomach content, stable isotope, and fatty acid signature analyses concomitantly to 
investigate physical conditions (e.g. habitat) current role in foraging.  Targeting by recreational 
and commercial fisheries and recent recruitment failures of yellow perch in Lake Michigan have 
already garnered much research interest (Reviewed by Clapp and Dettmers 2004).  Efforts to 
understand factors affecting recruitment have concentrated on larval stages or adults (Shroyer 
and McComish 2000, Marsden and Robillard 2004, Truemper et al. 2006, Redman et al. 2011) 
with much less emphasis on juveniles; although studies in other Great Lakes systems indicate 
yellow perch recruitment may be set after larval stages (e.g., Ivan et al. 2011).  After hatching, 
larval yellow perch are advected offshore and return to shallow waters during late summer 
(Dettmers et al. 2005, Weber et al. 2011).  In these coastal waters, juvenile yellow perch feed 
on zooplankton and benthic invertebrates opportunistically (Knight et al. 1984, Wu and Culver 
1992).  While many juvenile yellow perch populations display an ontogenetic diet shift from 
zooplankton prey during early life to larger benthic macroinvertebrates (e.g., Wu and Culver 
1992, Pothoven et al. 2000), habitat and community heterogeneity may be interacting factors 
determining juvenile yellow perch diets across spatial gradients in coastal Lake Michigan.  
To investigate spatial variability in juvenile yellow perch diets, nine coastal collection 
locations were chosen (four soft bottom and five rocky sites) throughout Lake Michigan during 
2010.  We employed traditional stomach content analysis, and used stable isotope and fatty 
acid signature (FAS) analyses to develop time integrated dietary assessments.  Our specific 
objectives were to 1) investigate spatial trends in yellow perch foraging and 2) compare findings 
of methods (Stomach content, FAS, Stable Isotope) to determine if they corroborate. 
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Methods 
Field collections 
Yellow perch juveniles were sampled as a part of a larger sampling scheme designed to 
investigate Lake Michigan’s nearshore food web.  As such, spatial coverage included nine 
distinct (either rocky or sandy) sites around Lake Michigan: two in Wisconsin (Fox Point and 
Whitefish Bay), two in Illinois (Highland Park and Waukegan), two in Indiana (Michigan City and 
Calumet), and three in Michigan (Frankfort, Muskegon, and Saugatuck; Figure 1.1).  These sites 
provided a range of substrate complexities and physical conditions representative of Lake 
Michigan’s nearshore areas (Table 1).  Coordinated sampling occurred during the same week at 
all locations in September of 2010.  40 meter long, four-panel micromesh gill nets of 6, 8, 10, 
and 12 mm (bar length) were used at all locations, except Wisconsin sites and Saugatuck, MI 
which deployed 60 meter long nets of 6 and 8 mm panels (bar length).  Nets were set at shallow 
(3 m), intermediate (7-9 m), and deep (12-15 m) depths for 2 hours, three separate times (first 
set at 8am) per sampling event.  On the boat fish were towel dried, placed in labeled bags and 
immediately frozen on dry ice.  Upon return to the laboratory, fish were stored in a -80⁰C freezer 
until processing. 
Laboratory analysis 
 In the laboratory, fish were partially thawed, mass (± 0.1 mg) and length (± 0.1 mm) 
recorded, and stomach removed and stored in EtOH.   After stomach removal, fish > 2.0 g were 
homogenized and a 1g sub-sample of the homogenate was frozen at -80⁰C, while fish < 2.0g 
were frozen whole (minus stomach). 
Stomach content analysis was conducted using a dissecting microscope, and prey items 
were identified to the lowest possible taxonomic level.  Whole organisms were measured for 
total length (± 0.1 mm) using a digitizing tablet and ImageJ software (Rasband 1997).  Partial 
organisms were counted (eye pairs or head capsule), and when applicable, head width was 
measured.  Dry biomass (mg) was calculated for each prey item using length-weight conversion 
6 
 
equations (measured items; Equations cited in: Creque and Czesny 2012), or average weights 
obtained from literature (for counts of immeasurable taxa), or calculated from data available 
(average of measurable items applied to immeasurable counts of same taxa). From these data, 
estimated stomach dry weight was used to calculate the percent composition (by weight) for 
each prey group for each individual stomach.  
For fatty acid signature analysis, frozen samples were re-homogenized and total lipids 
extracted with chloroform/methanol (2:1, v/v) containing 0.01% butylated hydroxytoluene as an 
antioxidant (Folch et al. 1957).  Fatty acid methyl esters (FAME) were prepared following the 
method of Metcalfe and Schmitz (1961) and separated by gas chromatography (Agilent 6890 
Gas Chromatograph, Agilent Technologies, Inc, Wilmington, DE) using a 5973 mass selective 
detector (Agilent Technologies, Inc.), a capillary column (OmegawaxTM 320, 30 m x 0.32 mm x 
0.25 µm film thickness, Supleco®, Bellefonre, PA), and an autoinjector (Hewlett Packart 7863). 
Prior to transmethylation, a known amount of nonadecanoate acid (C19:0, Nu Check Prep Inc., 
Elysian, MN), proportional to the amount of total lipids detected (8 mg of standard per 50 mg of 
lipids) was added as an internal standard.  Individual fatty acid methyl esters were identified by 
comparing the retention times of authentic standard mixtures (FAME mix 37 components, 
Supleco®, Bellefonte, PA) and quantified by comparing their peak areas with that of the internal 
standard.  Results were expressed as mass percentage of total identified FAME from whole fish 
samples.  Lipids were extracted from whole fish (minus stomach) samples to include fatty acids 
used for both growth and storage. 
C and N stable isotope ratios were measured from lyophilized homogenate samples on 
an isotope ratio mass spectrometer (Finnigan MAT delta S SIR-MS, with elemental analyzer 
front end and ConFlo II interface).  Standards of known isotopic composition were run at 
approximately 12-sample intervals.  Instrument standard deviation is generally 0.05 ‰ and 0.15 
‰ for δ13C and δ 15N measurements, respectively.  Stable carbon and Nitrogen isotope ratios 
are expressed as 
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 δ 13C values are determined relative to the Pee Dee Belemnite carbonate standard, and 
δ 15N values are determined relative to the 15N:14N ratio of air. 
Data Analysis 
Age-0 yellow perch appeared to be fully vulnerable to our sampling gear by fall, and at 
this time we expect age-0 perch to be sufficiently large to consume a diversity of prey.  In 
addition, yellow perch were collected throughout Lake Michigan in the fall in greater numbers.  
Based on length-histograms, 80 mm was defined as a length threshold for age-0 yellow perch 
and fall age-0 yellow perch (<80 mm) diet data were compared among sites. 
Data were pooled for all depths (3-15 m) at a sampling event (location) as perch were 
assumed to move independently among depths sampled.  Both stomach content and FAS data 
sets were expressed as percent composition by weight and imported into multivariate statistical 
software PRIMER-E (PRIMER-E Ltd, Plymouth, U.K.) and SAS 9.2 (SAS Institute, Cary, NC).  
Fatty acids that contributed, on average, less than 1.0% and had low variation were omitted 
from analysis.  Fatty acids used were: 14:0, 16:0, 16:1n-7, 18:0, 18:1n-9, 18:1n-7, 18:2n-6, 
18:3n-3, 18:4n-3, 20:4n-6, 20:5n-3, 22:5n-6, 22:5n-3, and 22:6n-3.  Prey categories used in SC 
analysis include: Bosminidae, Cercopagidae, Chironomidae, Chydoridae, copepods, fish prey, 
other zooplankton, hydracarina, isopod, Ostracoda, Pelecypoda, and Peracarida (mysids and 
amphipods).   
For multivariate analyses, PERMANOVA (formerly NPMANOVA), a non-parametric 
analog of MANOVA, in PRIMER+E software was used (Anderson 2001).  PERMANOVA tests 
were performed on each Bray-Curtis similarity matrix separately, and p-values calculated from 
permutations (4999 sensu: McArdle and Anderson 2001, Anderson and Millar 2004).  When 
permutations available were constrained, p-values were created using Monte Carlo samples 
(Anderson and Robinson 2003).  PERMANOVA calculated pseudo variance components based 
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on mean squares, analogs of MANOVA estimates.  Square roots of these variance estimates 
allowed for comparisons of relative contribution of each factor to cumulative variation in the 
model, akin to a term’s standard deviation from univariate testing.   
To test spatial differences in diet composition of fish collected in habitat types within 
each shoreline a crossed model with two factors was used, consisting of shoreline (two levels, 
fixed) and habitat (two levels, fixed).  Shoreline delineation was west vs. east of the Illinois-
Indiana border, utilizing both Lake Michigan management unit delineations and habitat 
structuring differences.  Although habitat could rationally be treated as a random factor, we only 
sampled two categories and did not obtain quantification of substratum complexity, thus inter-
habitat inferences would be highly imprecise.  Designating habitat as a fixed factor puts focus 
on habitats with sandy substrate versus those of higher complexity (rocky).  A second pairwise 
PERMANOVA was conducted to explore the difference between diet compositions from each 
habitat in each shoreline and vice versa.  Pairwise tests allow us to investigate how diet 
compositions differ among rocky sites, sandy sites, or habitats within each shoreline.  When 
results of spatial tests were significant, group-average (e.g. location specific average) 
hierarchical cluster analysis and non-metric multi-dimensional scaling (NMDS) plots were 
constructed to depict multivariate patterns in diet composition or in fatty acid signatures.   
Similarity percentages (SIMPER) routine was used to identify prey species or fatty acids 
that contributed most to observed differences in mean yellow perch stomach content or FAS 
among locations and between habitats. Agreement between stomach content and fatty acid 
signature data was investigated using the RELATE procedure which creates spearman rank 
coefficients between matrices; ρ=0 if no agreement while ρ=1 if there is complete overlap.  
Biplots of stable isotope 95% confidence intervals around the mean were created using 
statistical program R (R Development Core Team 2010).  Overlaps between carbon intervals 
were considered to have similar sources of primary production.  Nitrogen values more than 3-4 
‰ were considered to be of different trophic status. 
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Results 
Stomach contents and fatty acid signatures differed based on shoreline and habitat type 
(PERMANOVA; Table 1.2).  Stomach content’s largest component of variation was from 
differences among individual stomachs suggesting that this method of diet analysis is highly 
dependent on individual fish characteristics (Table 1.2).  In contrast with stomach contents, 
variation between shoreline of capture was highest in FAS, indicating dissimilarity in prey 
assemblages encountered throughout nearshore areas affect diet composition (Table 1.2).  
When data sets were combined, the highest components were individual fish followed by 
shoreline, suggesting that various timelines were represented by this approach.  
Stomach contents varied greatly among and within locations, but primarily consisted of 
Chydoridae, Bosminidae, Copepoda, and Chironomidae (larva and pupae).  NMDS plots of 
stomach contents suggest that diets were influenced by habitat more strongly than by shoreline, 
as indicated by sandy sites located to the left of rocky sites within both shorelines (Figure 1.2).  
Among eastern habitats, Chydoridae was a significant prey item (ave 69.9%) at sandy sites 
while Cercopagidae were primary components (ave 34.24%) of diets over rocky sites, 
comprising 56% of the difference between these habitats (SIMPER; Table 1.3).  Among western 
sites, chironomid consumption contributed to 44% of the difference between habitats, being 
greater at sandy locations (Table 1.4).  Between shoreline diets, chironomids and chydorids 
contributed to 53% of the difference, with chironomids dominating (ave 60%) western diets 
(SIMPER; Table 1.4).   
 Yellow perch fatty acid signatures clustered based on geographic location (eastern and 
western shoreline), indicating similarity within and dissimilarity between the two sides of Lake 
Michigan’s main basin (Figure 1.2)  Differences between west and east shorelines over and 
above other factors contributed most to the observed variation in yellow perch FAS (Var. 
Est.:11.532).  West and east shoreline clusterings, which were not evident through stomach 
contents, were primarily driven by gradients in DHA and palmitoleic acid (SIMPER, Figure 1.2; 
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Table 1.3).  Within each shoreline, FAS were slightly enriched in DHA in fish captured over 
rocky substrates and 16:1n-7 was higher in fish captured over sandy substrates (SIMPER). 
Stable isotope data was highly variable and overlap between locations was high (Figure 
1.3). In general nitrogen values were between 7 and 9‰ suggesting that fish are feeding at 
similar trophic positions.  Carbon values varied little and were generally between -23 and -21‰.  
There was no separation between habitat types, or shoreline evident. 
The RELATE procedure confirmed that stomach content and fatty acid signatures depict 
dietary trends differently (ρ=0.18 pval =0.001).  In general, little concordance was noted 
between any of the diet analysis techniques.  When FAS and stomach content samples were 
paired and plotted in nMDS space, individual technique diet separations were preserved (Figure 
1.4).  Comparing diet items and fatty acids with Pearson’s correlations >0.6 confirmed prey 
consumption was dissimilar primarily by habitat and biomarker accumulation drove shoreline 
differences.  Chironomids and palmitoleic acid correlated strongly with western sites, while DHA 
correlated positively with samples from eastern sites.  Within each shoreline cluster, Bosminidae 
consumption correlated with rocky sites, while Chydoridae were heavily consumed on sandy 
habitats (Figure 1.4). 
Discussion 
Despite recently documented alterations to food webs, there are few studies exploring 
diet variation of species across large spatial gradients.  We examined dietary trends in juvenile 
yellow perch collected from nine locations representative of Lake Michigan’s coastal areas.  We 
employed stomach content, fatty acid signature, and stable isotope analyses on samples 
simultaneously to evaluate concordance. 
Each diet analysis method was unique in its depiction of trends among capture sites.  As 
a technique’s integration timeframe increased, so did spatial diet homogeneity.  Generally, all 
techniques depicted opportunistic foraging, while each technique offered insights the others did 
not.  Isotope ratios suggested equal benthic and pelagic productivity source reliance within Lake 
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Michigan, while stomach content and fatty acids alluded to finer scale spatial heterogeneity.  
When combined, fatty acid signature and stomach content data provided a dataset that depicted 
substrate foraging differences within shoreline trends.  For example, stomach contents alone 
suggested benthic invertebrates were consumed more over sandy locations, yet fatty acids 
suggested benthic items were consumed heavily in western waters where the substrate 
happens to primarily be rocky.  Ameliorating this disparity, the combined data set depicted that 
chironomids were consumed more by all western samples than eastern sites, while still showing 
pelagic item (Bosminidae) importance on rocky sites within shoreline groups. This combined 
approach offered stronger interpretations than when method results are interpreted separately. 
Stomach content data were characterized by a high amount of variation among 
individual yellow perch stomachs and among sampling events (e.g. mean minus 1 standard 
deviation encompassing 0 the norm).  This suggests that fish specialize as they find spatially 
disparate prey communities and that stomach content biomass averages may not offer strong 
conclusions.  However, expressing prey composition in a percent biomass context alludes to 
caloric importance and is thus comparable to biochemical methods.  In stark contrast, stable 
isotope turnover rates offer an extended view of consumption that encompasses any prey base 
variation encountered through organisms’ levy flight foraging lake wide (Viswanathan 2010).  
FAS data varied more strongly between lake regions than individuals or even sampling events, 
suggesting spatial differences that persist over intermediate timeframes compared to stomach 
content and stable isotopes. 
Fatty acid signatures depicted juvenile yellow perch diets characterized by high benthic 
invertebrate consumption along western shores versus pelagic prey elsewhere.  Lake 
Michigan’s western coastal habitat is considerably more complex (e.g., rocky) than eastern 
coastal habitats, which are characterized by more sand substrate, warmer water temperatures 
and more gradual bathymetric slopes (Mortimer 2004, Beletsky et al. 2006).  High complexity in 
substratum has been correlated to increased macroinvertebrate abundance and community 
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richness (Rabeni and Minshall 1977, Erman and Erman 1984, Botts et al. 1996, Kuhns and 
Berg 1999).  Furthermore, preliminary data suggests that zooplankton communities are much 
more populous in eastern waters than western (S. Creque unpublished data).  Through 
movements over the course of several weeks, various prey assemblages are encountered and 
fatty acid signatures offer time integrated insights into these foraging habits (Budge et al. 2011).  
Interestingly, yellow perch FAS at Highland park, IL (2R) are highly similar to the 6-year average 
reported in Czesny et al. (2011) suggesting that diets in the area experience little change 
annually. 
It was noted that in stomach contents, chydorids and chironomids were consumed in 
higher quantities at sandy locations versus rocky sites.  Abundance of alewife (Alosa 
pseudoharengus) in proximity of foraging yellow perch have been linked to increased benthos 
consumption by the latter (Creque and Czesny 2012).  Round goby occupy rocky habitats in 
high abundances and may have an opposite impact on foraging yellow perch.  Presence of this 
aggressive benthivore, combined with difficulties associated with prey capture in complex 
benthic environments (Mayer et al. 2001, Dieterich et al. 2004), may contribute to observed high 
zooplankton consumption by yellow perch in rocky areas.  Round goby <70mm feed primarily 
on benthic invertebrates, and continued increases in their abundance and biomass may greatly 
reduce prey availability to native species (Kuhns and Berg 1999).  Densities of Lake Michigan 
zooplankton are relatively low compared to historic samples (Dettmers et al. 2003), and 
therefore additional depletion of benthic prey resources concomitant with increased competition 
for food may prove detrimental to young yellow perch cohorts (Redman et al. 2011).   
  Extended isotopic turnover rates, which are a function of growth, underestimate prey 
consumption during migration (MacAvoy et al. 2001).  Once nearshore, yellow perch remain 
within relatively small areas (home range ~13km) facilitating fatty acid signature and stomach 
content efficacy (Glover et al. 2008).  Movement patterns change the scale that foraging 
patterns occur on and thus the scale with which prey community patterns are encountered.  
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Species that migrate long distances daily (i.e. Salmonids) or migrate only yearly (i.e. Gobiidae) 
would decrease or increase spatial pattern occurrence in all methods respectively.  Despite 
sampling rapid growing juvenile fishes, it appears recent migrations from offshore precludes 
isotopes ability to depict spatial trends within our project’s scale.  Sampling of tissues with more 
or less rapid turnover rates may tailor studies to a species’ migration and movement habits.   
Multiple indicator dietary assessments offer up different means of looking at predator-
prey interactions, which complement pitfalls of techniques used unaccompanied.  Our results 
justify further investigations employing assimilated compounds as dietary tracers, concurrently 
with stomach examinations.  To supplement investigations into community interactions, 
experiments exploring factors that affect assimilation and conversion of fatty acids from prey to 
predators could allow for validation and quantification of prey-consumer linkages within Great 
Lake’s ecosystems. 
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Figures and Tables 
Table 1.1   
Fall captured yellow perch (<80mm in length) sample totals separated by location and analysis 
(SC=Stomach Content, FAS=Fatty Acid Signature, SI=Stable Isotope) method.  Abbreviations 
(ABBV) noted for each location designates a number per state and a letter per substrate 
(R=Rocky, S=Sandy).  *Some nets set upon sand/rock mixture due to substrate complexity at 
site.  
Shoreline ABBV. Lat. Long. 
Method 
SC FAS SI SC & FAS 
West 1R 43 10.00 87 53.00 2 5 3 1 
West 1S 43 07.50 87 54.00 1 2 4 0 
West 2S 42 09.98 87 44.82 27 8 6 8 
West 2R 42 25.03 87 47.34 12 3 3 2 
East 3R* 41 44.03 87 31.76 45 22 15 9 
East 3S 41 45.35 86 54.47 33 28 8 17 
East 4R 42 37.47 86 13.46 49 12 7 10 
East 4S 43 19.68 86 28.37 17 6 7 4 
East 5R* 44 40.63 86 16.43 7 7 5 3 
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Table 1.2  
PERMANOVA results for two factor crossed models with stomach content and fatty acid 
signatures of juvenile yellow perch from Lake Michigan, testing the similarities in diet 
compositions between habitats and shoreline factors.  Square roots of estimated variance 
components (Var. Est.) are used as a means to assess contribution of a factor to overall 
variation in models. 
Stomach Content PERMANOVA 
Source df Pseudo-F P-val Var Est. 
Shoreline 1 17.2 0.001 26.7 
Habitat 1 21.6 0.001 30.1 
Shoreline*Habitat 1 13.8 0.001 33.5 
Res 190   52.4 
Total 193    
Fatty Acid PERMANOVA 
Shoreline 1 52.5 0.001 11.5 
Habitat 1 7.70 0.001 4.2 
Shoreline*Habitat 1 7.90 0.001 6.0 
Res 89   8.6 
Total 92    
Stomach Content and Fatty Acid PERMANOVA 
Shoreline 1 9.46 0.001 21.1 
Habitat 1 7.86 0.001 19.0 
Shoreline*Habitat 1 4.12 0.001 18.1 
Res 51   30.0 
Total 54    
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Figure Legends 
 
Figure 1.1  
Map of locations sampled during the 2010 intensive sampling year in Lake Michigan. Each state 
was sampled at least twice, one sandy (S) and one rocky (R) location, with Michigan having 
added a second rocky site.  Harbor from which boats were launched was plotted for reference. 
Figure 1.2 
Non-Metric Multidimensional Scaling plots (nMDS) of spatial patterns in stomach content (a) 
and fatty acid signature (b) site averaged composition (% by weight) of juvenile yellow perch 
captured in fall 2010 from Lake Michigan. 
Figure 1.3 
Site averaged (with 95% C.I.) carbon and nitrogen ratios of juvenile yellow perch from sandy 
and rocky locations in Lake Michigan.  
Figure 1.4  
Non-Metric Multidimensional Scaling plot (nMDS) of spatial patterns in samples consisting of 
both stomach content and fatty acid data (% by weight) from juvenile yellow perch captured in 
fall 2010 from Lake Michigan.  
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Fig. 1.1 
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Fig. 1.2 
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Figure 1.3 
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Figure 1.4 
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Chapter 2 
Multiple indicator approach to intra-specific dietary assessments 
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Abstract 
Our understanding of species’ ecology revolves around predator-prey interactions 
leading to food web structure. To explore intra- specific dietary trends, we employed stomach 
content, fatty acid signature, and stable isotope analyses on fishes captured in Lake Michigan’s 
nearshore waters.  Juvenile yellow perch (Perca flavescens) and round goby (Neogobius 
melanostomus) were captured throughout the 2010 intensive sampling year from five locations 
representative of Lake Michigan’s coastal heterogeneity.  Round goby, a potential competitor for 
yellow perch was used to investigate how dietary overlap can be depicted through multipart 
dietary assessments.  Consistently, stomach content data’s highly variable and instantaneous 
nature reduced testing power, but uniquely offered identification of prey taxa and simple 
calculations of dietary overlap.  Fatty acid signatures presented dietary trends within a species 
but more experimentation and larger data libraries are needed for its efficacy in overlap 
assessments.  Stable isotope ratios’ long turnover rates encompass migrations and ontogenetic 
shifts; however results could be valuable if these caveats are incorporated in experimental 
designs.  Overall it is recommended that stomach content be used in conjunction with at least 
one biochemical method to add time integrated data. 
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Introduction 
Quantifying components of animal’s diets is a fundamental requirement in the process of 
understanding species’ ecology.  Sustenance derivation, potential competitors, and predator-
prey interaction information are derived from diet compositions, providing a foundation for our 
ecosystem structural knowledge.  Traditional methods, such as stomach content analysis, 
provide essential species linkages; however they do not address material assimilated into 
predator tissues.  Biochemical methods have been developed to provide auxiliary diet 
assessments, namely analysis of fatty acid signatures and stable isotope ratios (Post 2002, 
Budge et al. 2006).   
Extensive work has been completed using fatty acid signatures (FAS) in benthic food 
webs and marine mammal ecology (Iverson 2009, Wang et al. 2009, Kelly and Scheibling 
2012).  The term “signature” is a reference to a suite of fatty acid concentrations which hold 
biological significance (Budge et al. 2006).  Synthesis of novel fatty acids within consumers is 
limited to those of short chain lengths (<14 carbons), thus FAS are composed primarily of long 
chain acids.  Specific fatty acids have been used as tracers within food webs, namely pointing 
towards diatoms (palmitoleic acid; 16:1n-7) or dinoflagellates (docosahexaenoic acid, DHA; 
22:6n-3)(Reviewed by Kelly and Scheibling 2012).  Temporal and spatial dietary differences 
have been shown using FAS, and recently quantitative estimates of diet components have been 
accomplished (Iverson et al. 2004, Iverson 2009, Budge et al. 2012).  Exploration of foraging 
ecology of fishes with FAS has been restricted to marine fishes (Kirsch et al. 1998, Dalsgaard et 
al. 2003), although several freshwater species’ signatures were recently described (Czesny et 
al. 2011). 
In contrast to FAS, stable isotope ratios’ use in aquatic ecology dates into the 1970’s 
(DeNiro and Epstein 1978, 1981).  Typically, stable isotope data provide a two-dimensional 
dietary space for consumers relative to other organisms.  Stable carbon (δ13 C) ratios remain 
relatively constant through trophic transfers, allowing for primary production sources to be 
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inferred (France 1995).  Freshwater systems tend to have more enriched (less negative) carbon 
values in benthos (> -20‰) versus pelagic productivity (Fry 1991).  Stable nitrogen (δ15 N) 
values enrich by 3-4‰ per trophic step, thus trophic level of species can be inferred (Hobson et 
al. 1994, Post 2002).  While specific prey species cannot be quantified in complex systems, 
isotopes do provide standardized methods of depicting inter- and intra-specific relations. 
Stomach content, fatty acid signature, and stable isotope ratio analyses provide 
respectively increasing time frames of dietary depictions.  Stomach content analysis is the only 
technique able to provide exact species composition without a multitude of laboratory feeding 
trials.  However, its instantaneous nature often captures rare events, or emptiness, creating 
difficulties in data interpretations.  Fatty acid signature turnover in fishes is still a debated topic, 
general consensus points towards a period of 1-3 months (Kirsch et al. 1998, Budge et al. 
2011).  Stable isotopes’ turnover in whole body tissues relies on new tissue production, thus 
faster growing organisms have faster turnover rates (Tieszen et al. 1983, Hobson and Clark 
1992).  Providing only a two-dimensional view, stable isotope ratios can leave out a horde of 
dietary information.  Using laboratory studies and mixing models, both stable isotope ratios and 
fatty acid signatures have been used to infer prey species contributions to diets, primarily in 
other systems than the great lakes (Budge et al. 2012, Pingram et al. 2012).  Accordingly, it 
becomes a fruitful endeavor to employ multiple techniques on individuals, obtaining 
complimentary information from each method. 
Our interests in this study were to explore the abilities of each technique, and depict how 
complimentary or disparate their analyses can be when used to answer questions 
concomitantly.  Often these techniques have been used in tandem, in various systems (Hooker 
et al. 2001, Ainley et al. 2003, Clarke et al. 2005, Herman et al. 2005).  This is a preliminary 
study using all three methods on species within the Great Lakes ecosystem.  Our focus was on 
the abilities of each technique in detecting spatial differences in dietary overlap between two 
species of potential competitors.  We use round goby (Neogobius melanostomus), a recently 
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established invasive species, was used as a species whose diet potentially overlaps with yellow 
perch (Perca flavescens), a high profile opportunistic forager. 
  
Methods 
Sampling 
Yellow perch juveniles and round goby were sampled as a part of a larger sampling 
scheme designed to investigate Lake Michigan’s nearshore food web.  As such, spatial 
coverage includes five distinct sites around Lake Michigan: Wisconsin (Fox Point), Illinois 
(Highland Park), Indiana (Calumet), and two in Michigan (Frankfort and Saugatuck) (Figure 2.1).  
Coordinated sampling efforts occurred during the same week at all locations in September of 
2010. Forty meter long, four-panel micromesh gill nets of 6.25, 8, 10, and 12.25 mm (bar length) 
were used at Highland park and Calumet, while Wisconsin sites and Saugatuck, MI deployed 60 
meter long nets of 6.25 and 8mm panels (bar length) to coordinate with long term data sets.  
Nets were set on the substrate at shallow (3 m), intermediate (7-9 m), and deep (12-15 m) 
depths for 2 hours, three separate times per event.  On the boat, fish were towel dried and 
placed in labeled bags on dry ice to stop degradation.  Upon return to the lab fish were stored in 
a -80⁰C freezer until processing. 
Lab Processing 
Refer to chapter 1 for laboratory methodologies. 
Data Analysis 
Age-0 yellow perch appeared to be fully vulnerable to our sampling gear by fall, and at 
this time we would expect age-0 perch to be sufficiently large to consume a diversity of prey.  In 
addition, yellow perch were collected from throughout Lake Michigan in the fall.  Based on 
length-histograms, 80 mm was defined as a length threshold for age-0 yellow perch.  Round 
goby <70mm were used to target individuals which are believed to not preferentially consume 
dreissinids. 
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Data were pooled for all depths at a sampling event (location*date) as fish were 
assumed to move independently between depths sampled.  Both stomach and fatty acid data 
sets were expressed as percent composition by weight and imported into multivariate statistical 
software Primer-E (PRIMER-E Ltd, Plymouth, U.K.) and SAS 9.2 (SAS Institute, Cary, NC); data 
sets were converted into Bray-Curtis matrices prior to analysis.  The following categories were 
used for stomach content analysis: Bosminidae, Cercopagidae, Chironomidae larva, 
Chironomidae pupa, copepods, Chydoridae, fish prey, Hydracarina, isopod, other zoop., 
Ostracoda, Pelecypoda, Peracarida,eggs, Gastropoda, and terrestrial insects.  Those fatty acids 
that contributed on average ≤ 1.0% and had low standard deviation (≤ 0.5) were considered to 
not provide useful information and were omitted from analysis.  Fatty acids included in 
signatures were:  14:0, 16:0, 16:1n-7, 17:0(Iso), 14 Methyl-Palmitic,18:0, 18:1n-9, 18:1n-7, 
18:2n-6, 18:3n-3, 18:4n-3, 20:1n (a composite), 20:4n-6, 20:5n-3(EPA), 22:5n-6, 22:5n-3, 22:6n-
3(DHA).   
Since we were interested in the degree to which each technique indicated dietary 
overlap, we choose analysis of similarity (ANOSIM) and Schoener’s indices as testing routines 
(Schoener 1970).  ANOSIM calculates an R value which is used to describe ranges of similarity 
within a-priori groupings of data.  R values range from 0, being complete similarity, to 1, being 
complete dissimilarity.  We consider R values under .25 show high similarity, .26-.5 show 
moderate differences, and values over .5 to show large dissimilarity between groupings.  One-
way ANOSIM tests were conducted on similarity matrices, using individual fish as replicates, to 
test for spatial differences in diet overlap.  Non-metric multi-dimensional scaling (NMDS) plots 
were constructed to depict significant differences.  Similarity percentages (SIMPER) routine was 
used to identify data species which contributed most to observed differences.  A Schoener’s 
Index was also calculated for each site using site averaged stomach contents (Schoener 1970).  
For Schoener’s index, values range from 0 (no overlap) to 1 (complete overlap) with values >0.6 
considered to indicate competition (Zaret and Rand 1971, Wallace 1981).  Stable isotope data 
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were analyzed through bi-plots of 95% confidence intervals around means created in statistical 
program R (R Development Core Team 2010). 
Results 
All assessment techniques indicated that diet overlap between yellow perch and round 
goby varied by location but in general was relatively low (Table 2.2, Figure 2.2).  In stomach 
contents, the strongest overlap was at Fox Point, WI, where chydorids dominated both species’ 
dietary compositions.  Between species diet compositions from all other locations were half as 
similar as those from Fox Point (Table 2.2).  NMDS plots coincided with the Schoener’s indices, 
with sites of stronger overlap grouping closer together (Figure 2.3a). The lowest overlap was 
observed at Saugatuck where yellow perch consumed primarily Cercopagidae while mussels 
dominated round goby diets.  In both species, diets had the most taxa around the Chicago area 
(2R, 3R, 3S), indicated by proximity of the sites when graphed (Figure 2.3a).  Results from 
ANOSIM and Schoener’s indices generally supported each other in aforementioned results. 
Using FAS, complete dissimilarity in signatures between the two species was noted 
(Table 2.2).  Although with signatures from Fox Point, where overlap was high in stomach 
content, there was slightly higher similarity between the species signatures than at other 
locations.  Calumet, IN also showed slightly more similarity than other sites, in agreement with 
Schoener’s indices from stomach contents. SIMPER results indicated that Palmitoleic acid, EPA 
and DHA contributed most to among site differences within each species.  For example, round 
gobies consumed abundant chironomids at Calumet IN, and FAS from this location had 16:1n-7 
concentrations much higher than any other site corroborating this biomarkers use.  Conversely, 
where round gobies consumed Pelecypoda in high amounts, their FAS had high amounts of 
DHA, a pelagic indicator (Tables 2.3 & 2.4).  These round goby spatial differences combined 
with those discussed previously with yellow perch seem to suggest that both species follow 
similar diet trends around the lake.  Western captured fish have diets consisting primarily of 
benthic invertebrates, while those in eastern waters consume more pelagic associated prey 
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(including planktivorous mussels).  NMDS plots of both species’ site specific FAS graphically 
show this distinction in lake shores, and generally indicate that overlap may be higher in 
western waters. 
The east-west gradient also seems to be apparent in stable isotope data when looking at 
dietary overlap.  Using stable isotopes alone, diet overlap at Saugatuck is highest, as carbon 
values overlap (F=0.83 P=0.37) and nitrogen values are similar between round gobies and 
yellow perch (Figure 2.2). At other locations, round goby carbon ratios tend to be more enriched 
than yellow perch values.  When stable isotope data is paired with stomach content, round 
gobies consumed mussels at Saugatuck and yellow perch consumed Cercopagidae, both prey 
are zooplankton predators leading to higher nitrogen enrichment than other sites and 
overlapping carbon values.  In general, round goby carbon values were around or less than -
20‰, while yellow perch were clustered around -22‰ and nitrogen ratios of both species 
indicated similar trophic levels. 
When stomach content and fatty acid data sets were combined, general patterns in 
overlap were preserved.  Separations between these two species were primarily correlated to 
fatty acid gradients. In general, round goby samples had greater concentrations of 16:1n-7 while 
yellow perch had greater DHA amounts.  Yellow perch from locations near Chicago (2R and 3R) 
grouped closer to round goby samples, again suggesting that overlap may be higher in these 
waters.  Shrimp and chironomid prey items correlated highly with round goby, depicting a more 
benthic oriented diet compared to yellow perch.  Cercopagidae and Bosminidae correlated 
highly with yellow perch at sites other than 2R, indicating a more pelagic leaning diet relative to 
round goby.  ANOSIM results from this combined set generally agreed with those results of data 
sets run separately.  Diet overlap at Calumet was strongest, yet R values over all sites were 
high suggesting low overlap. 
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Discussion 
Recent advances in aquatic ecology have created methods of studying species’ diets 
through biochemical means.  Stable isotope ratios and fatty acid signatures have been 
introduced as complimentary techniques to stomach content data.  Studies utilizing all three 
techniques to investigate dietary composition issues have been limited to non-freshwater 
systems.  Utilizing a data set collected from several nearshore locations throughout the 2010 
intensive Lake Michigan sampling year we set out to explore the efficacy of multi-indicator 
dietary assessments.  
Utilizing juvenile yellow perch and small round gobies captured on rocky sites in Lake 
Michigan we further explore the use of stomach contents, fatty acid signatures, and stable 
isotope ratios in trophic ecology.  Overall, it appears that the strength of dietary overlap between 
these species groups has a spatial component yet is overall relatively weak.  Round goby are 
known to aggressively defend their home range, possibly excluding yellow perch from feeding 
on benthic organisms in areas of high goby densities.  As yellow perch are generalistic foragers, 
exclusion from some resources may cause a shift to other food items and further reduce 
calculated overlap indices.  Inferences from each analysis, ignoring others, seem to offer similar 
results, while pairing them clarifies any discrepancies found between them. 
Stable isotopes offer information that is not entirely pertinent to questions involving fall 
captured juvenile yellow perch due to recent ontogenetic migrations.  As small round goby do 
not experience a dramatic shift in resource use like yellow perch, isotopes may still provide 
relevant information on site specific diet composition.  Further noise may be added to isotope 
ratios as base line values can change due to environmental factors, thus quantification of 
location specific base values may prove beneficial (Post 2002).  When combined with stomach 
content and to a lesser extent FAS, conclusions about dietary overlap between species in 
isotope ratio data were clarified (i.e. diets at Saugatuck MI).  Overall it appears that round goby 
consume more benthic items than perch do (more enriched values), leading to the conclusion 
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that overlap between the species is low, in agreement with SC and FAS data sets.  The need for 
a pairing with another analysis method further demonstrates the limited functionality of stable 
isotope ratios in migratory juvenile fishes. 
With our current state of knowledge, and data libraries, it is difficult to explore dietary 
overlap fully with fatty acid signatures alone.  While species specific diet composition trends can 
be elucidated, species specific physiological differences in assimilation disallow simple direct 
comparisons.  A precursor to validating this ability would be to construct a quantitative view of 
prey item contributions using FAS (Iverson et al. 2004).  From there it is expected that inquiries 
into the degree to which species share prey resources can be investigated in a straightforward 
method similar to stomach content analyses.  Using species specific FAS trends, it is possible to 
suggest locations where dietary overlap may be more frequent or stronger than other areas.  It 
appeared that both species consumed high amounts of benthos on western shorelines shown 
through stomach content, fatty acid signatures, and to a lesser degree, stable isotope ratios.  In 
these locations where similar diet items were consumed, it is possible that high densities of 
round gobies do deplete resources for yellow perch despite the low overlap calculated. 
Untangling the interplay play between round goby population numbers, behavior, and 
yellow perch foraging habitats requires further intensive sampling and experimentation.  
However without experimental libraries, investigating the strength of these interactions through 
FAS is highly speculatory.  Thus while investigating dietary overlap in species it is 
recommended that stomach content be used with stable isotope ratios, barring knowledge of 
migrations, to generate stronger data sets until FAS libraries are further established (Vinson and 
Budy 2011). 
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Figures and Tables 
Table 2.1 
Summary of samples of yellow perch (<80mm) and round goby (<70mm) collected during each 
sampling event.  When possible fish went for multiple analyses, thus samples are indicated for 
stomach content (SC), fatty acid signature (FAS), stable isotope (SI), a combined (SC & FAS; 
C).   
 
Juvenile Yellow Perch 
Collections 
  Small Round 
Goby Collections 
 
Location Abbreviation SC FAS SI C  SC FAS SI C 
Fox Point, WI 1R 2 5 3 1  15 12 10 12 
Highland Park, IL 2R 12 3 3 2  14 15 6 9 
Calumet, IN 3R 45 22 15 9  29 25 24 25 
Saugatuck, MI 4R 49 12 7 10  33 13 8 10 
Frankfort, MI 5R 7 7 5 3  9 11 3 9 
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Table 2.2 
Summary table of overlap indices calculated for juvenile yellow perch and small round goby 
using data generated from stomach content and fatty acid signatures (FAS).  Indices included a 
Schoener index for stomach contents and R values from PRIMER ANOSIM tests run on both 
stomach content and FAS separately and as one data set. 
Site Stomach content analyses FAS analysis 
Combined 
Analysis 
 
Schoener INDEX R (P val)  R (P val) R (P val) 
Fox Point, WI 0.545 0.08 (.309) 0.81 (.001) 1.00 (0.077) 
Highland Park, IL 0.197 0.44 (.001) 1.00 (.001) 0.97 (0.005) 
Calumet, IN 0.247 0.33 (.001) 0.90 (.001) 0.64 (0.001) 
Saugatuck, MI 0.131 0.87 (.001) 1.00 (.001) 0.97 (0.001) 
Frankfort, MI 0.243 0.82 (.001) 1.00 (.001) 0.99 (0.005) 
Overall  0.335 0.48 (.001) 0.77 (.001) 0.74 (0.001) 
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Figure Legends 
 
Figure 2.1 
Map of locations sampled during the 2010 intensive sampling year in Lake Michigan.  Harbor 
from which boats were launched are plotted near sampling sites. 
Figure 2.2 
Bi-plots of stable isotope ratio 95% confidence intervals around the mean, depicting spatial 
trends in yellow perch and round goby diet overlap. Refer to table 1 for site abbreviations. 
Figure 2.3 
Nonmetric Multidimensional scaling plot of site specific average diet compositions (a) and fatty 
acid signatures (b) of yellow perch (YEP) and round goby (ROG) captured in Lake Michigan’s 
nearshore waters. Refer to table 1 for site abbreviations.  
Figure 2.4 
Nonmetric Multidimensional scaling plot of site specific average stomach content and FAS 
signatures for yellow perch and round goby captured in Lake Michigan’s nearshore waters. 
Refer to table 1 for site abbreviations 
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Fig. 2.1 
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Fig 2.2 
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Fig 2.3 
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Figure 2.4 
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Thesis Conclusion 
 
Utilizing a data set gathered from Lake Michigan’s Nearshore, during the 2010 intensive 
sampling year, we explored the efficacy of using multiple dietary assessments in one study.  
Our first investigation looked at dietary trends of yellow perch, a high profile species in Lake 
Michigan.  Employing stomach contents, fatty acid signatures, and stable isotope ratios we 
demonstrated the value of combining stomach contents and fatty acid signature analysis in 
exploring diets of a recent migrant species.  Secondarily we compared how stomach content, 
fatty acid signature, and stable isotope ratio analyses describe interspecific dietary trends.  
Stomach content data had the strength of identifying prey items, at the expense of high 
variability and little relation to assimilated compounds.  In general we found that stable isotopes 
did not provide an appropriate timeframe for exploring dietary trends of juvenile yellow perch, 
attributed to recent migrations.  Comparing trends in fatty acid concentrations with signatures of 
published works and with the stomach contents we demonstrated how intraspecific dietary 
trends can be described.  Specifically we noted that yellow perch from eastern waters consume 
primarily pelagic prey while benthic invertebrates dominated diets on the western side of the 
lake.  With this approach, overlap between yellow perch and round goby diets was found to be 
weak, possibly an effect of generalistic foraging habits.  With further studies and expansion of 
freshwater species’ fatty acid libraries, quantification of diets could allow quantification of inter- 
and intra-specific species comparisons.  Quantification of diets through FAS analysis could 
provide time integrated information on food web structuring.  We recommend that future dietary 
assessments employ at least one biochemical method in tandem with stomach contents in order 
to strengthen our understanding of species trophic ecology. 
 
 
